. \ . ' Charge Transfer Between Positive Alkali Ions and Atoms. Recently t h e r e has been considerable i n t e r e s t i n the ' * ments of t h e t o t a l resonant charge t r a n s f e r c r o s s s e c t i o n
between a l k a l i metal ions and atoms, most of t h e r e s u l t s
. . p e r t a i n . t o r a t h e r high r e l a t i v e k i n e t i c energies. In t h i s . . .,. . . <. * . . .
. . I
. '.{ paper we present measurements of t o t a l charge t r a n s f e r c r o s s , . :
. s e c t i o n s i n t h e cesium, rubidium, and potassium systems f o r .. . . ,' ....... primary ion energies i n t h e range of 10 t o 500 eV. , . ' Ions were formed i n t h e source S by surface i o n i z a t i o n , accel-a',. ': . . , e r a t e d , momentum s e l e c t e d by t h e magnet M, and allowed t o ' pass through a beam o f a l k a l i atoms from an oven source 0. I . .
. .
bould be r o t a t e d through 90° so a s t o d e t e c t t h e primary ion. beam, o r t h e slower i o n s formed by charge t r a n s f e r . c o n t r o l l e d by r e g u l a t i n g t h e temperature o f i t s containing
r e s e r v o i r by a Hallikainen Thermotrol u n i t equipped w i t h a . .
platinum senser. The i o n s were extracted from t h e tungsten . .
button with an a c c e l e r a t i n g p o t e n t i a l of 500 V, and then focused with a s e r i e s o f c y l i n d r i c a l l e n s e s onto t h e e n t r a n c e . . .
,.
-e x i t s l i t of t h e mass spectrometer t h e r e was an e i n z e l l e n s I
. ' % t o provide f i n a l collimation of t h e beam. The mass spectrometer .':::
,. . . and t h e c o l l i s i o n chamber were maintained a t ground p o t e n t i a l , . . . . .
. _ $ -. and t h e p o t e n t i a l of t h e tungsten button determined t h e energy . .
I .I
o f t h e i o n s i n t h e c o l l i s i o n region. The f i n a l energy spread The atomic beam source consisted o f a r e s e r v o i r and a r e c t a n g u l a r Lave1 nozzle s l i t , a l l machined from n i c k e l . The i n s u l a t e d tantalum wire, and was equipped with an iron- . . , .
were 0.004" x 0 .2501'. Following t h e oven s e q u e n t i a l l y t h e r e , -..: . .
was a f l a g t h a t could be used t o block t h e beam, a wide l i q u i d , ..
, .
,. . -.
. . I .
I
' 0 a heated s l i t t o d e f i n e the beam, p a r a l l e l p l a t e electrodes t o , , ". . .
grounded cold s h i e l d t o prevent p e n e t r a t i o n of t h e d e f l e c t i n g ''-,, '-1 f i e l d to, t h e s c a t t e r i n g center. The approximate oven temp-* ,. 4 , ' I .
-e r a t u r e s used and t h e corresponding vapor pressures were 665OK
? .
'
. a r ; . . t o i n s u r e t h e c o l l e c t i o n of a l l ions, and t o suppress a l l e l e c t r o n -.
I .
emission from t h e wire. The ion c o l l e c t o r can had long entrance
and e x i t channels t o i n s u r e complete ion c o l l e c t i o n while , , . h i t the hot wire passed out of t h e d e t e c t o r without s t r i k i n g 
.
; .' # . w was used t o monitor t h e c e n t e r l i n e i n t e n s i t y of t h e beam.
'
I .
~x p e i i m e n t s were a l s o performed t o measure t h e v e r t i c a l i n t e n s i t y d i s t r i b u t i o n of t h e atomic beam, which was found t o t : ' -
. , be uniform t o within approximately 1% over t h e region tra-, .
. ' , , versed by t h e ion beam. i o n c o l l e c t i o n c u r r e n t , t h e r e was a Faraday c u p . . , surrounded by a s h i e l d which had a l n . d i a m e t e r a p e r t u r e .. , located 1.072" from t h e s c a t t e r i n g c e n t e r . The r e s u l t i n g . t e r i n g c e n t e r , . was used t o monitor t h e primary ion c u r r e n t a t t h e fixed . 
I .
Faraday cup, and a l s o t o measure t h e i n t e n s i t y d i s t r i b u t i o n of
. L t h e n e u t r a l beam. The values of t h e i n p u t r e s i s t o r s of t h e . . .
, . , .
mined by measuring t h e a t t e n u a t i o n o f t h e ion beam. I n these L, . .
. . . .
.:
experiments, t h e movable Faraday cup was located e x a c t l y . : .
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opposite t h e ion beam 'source e x i t s l i t , t h e major p a r t o f t h e . i o n c u r r e n t reaching the cup was biased o u t , and t h e electrom-'*d.s ', :
.
e t e r s e n s i t i v i t y increased so t h a t t h e a t t e n t u a t i o n o f t h e
,, ' , '.
* .
," :,
I . !
.' ion beam, which.was u s u a l l y 15, would be a l a r g e f r a c t i o n o f . '.. , . .
. I . .
. . '
t h e f u l l s c a l e c u r r e n t . The electrometer output was recorded
;. ' as t h e n e u t r a l beam f l a g was opened and closed a t i n t e r v a l s 
. . 
.
primary i o n c u r r e n t was determined. The small background c u r r e n t due t o p a r t i c l e s from t h e n e u t r a l beam was measured by s : a I . . 9' n ;. . . . . s h u t t i n g o f f the i o n beam and recording t h e c u r r e n t t o t h e . , , .I I . j . . mize t h i s background, adjustments were made t o the p o t e n t i a l ' ' > .
I .
of t h e d e f l e c t i n g p l a t e s a t t h e n e u t r a l beam e x i t , and t h e I .. . . . .
. 8
To perform t h e slow i o n c o l l e c t i o n experiments, t h e Faraday . , , : -cup w a s r o t a t e d i n t o t h e path o f t h e n e u t r a l beam. Because .
> ' I
.. energies reached 'in t h e a t t e n u a t i o n experiments.
p o t e n t i a l o f up t o 6 v o l t s i n order t o c o l l e c t t h e slow ions
.. . used t o monitor t h e primary ion i n t e n s i t y . After each s e r i e s .,I"-' ! ! .*,*, :; , ., 9 . .. .,. , o f slow ion c u r r e n t measurements, t h e ~a r a d a~ cup F .was l i f t e d +,+, . -:' . . * .
.i
. o u t o f t h e p a t h of t h e n e u t r a l beam and t h e n e u t r a l monitor :'*.a .
-. I 1 r )
. % , , c u r r e n t recorded. The background c u r r e n t t o t h e ion c o l l e c t o r . ::.. . , ,* 1 . . j be l e s s t h a n 1 0 s of t h e lowest ion s i g n a l recorded. driven by t h e sprocket used t o r o t a t e t h e l i d of t h e main . . .. -. . , . * . .
was measured s e v e r a l times during t h e period i n which d a t a . .
. . ,. ' .. , w a s c o l l e c t e d t o i n s u r e t h a t t h e i n t e g r a l of t h e d i s t r i b u t i o n . . . .' -1 , , C normalized t o t h e fixed, monitor s i g n a l remained constant. The be only 1-2 X 10-, which i s n e g l i g i b l e f o r our purposes. It ~' ' :~~' ' ' ' , ' . . 
A p o s s i b l e ' s o u r c e of e r r o r i n t h e a t t e n u a t i o n measurements
. I . i s t h e e l a s t i c s c a t t e r i n g of ions without charge t r a n s f e r , which would cause t h e apparent charge t r a n s f e r cross s e c t i o n . t o be t o o l a r g e . This e r r o r was l a r g e l y eliminated by using ~a n d e r s l i c e , the'. e l a s t i c s c a t t e r i n g a t a n g h a g r e a t e r than 
s e c t i o n . I n t h e a t t e n u a t i o n measurements t h e e l a s t i c c o n t r i -' '
. . : b u t i o n makes t h e obserLed c r o s s s e c t i o n t o o l a r g e , whereas it
, makes t h e c r o s s s e c t i o n s derived from charge c o l l e c t i o n t o o ' . .
.. . small. The two methods gave r e s u l t s which were almost I i d e n t i c a l , and t h e same within experimental s c a t t e r . The numerical valuas of t h e t o t a l charge t r a n s f e r . .
-, a
. < t r a n s f e r c r o s s s e c t i o n decreases l i n e a r l y with t h e logarithm by Marino e t a1 . , and t h e same amount l a r g e r , y . 
-r
For t h e Rb -Rb system, the agreement between t h e present experiments and those of Perel and coworkers8 i s very good i n ' t h e overlapping range of velocity. The t h e r o e t i c a l crosss e c t i o n of smirnovl1 i s too small by no more than 25% i n t h e low v e l o c i t y range, and i n t e r s e c t s t h e high energy d a t a of ~e r e i e t and Chkuaseli and coworkersl0 a t v e l o c i t i e s bf a p p r~x i m a t e l y lo7 c d s e c . The slope of t h e a -l n v curve.
predicted by Smirnov i s r a t h e r close t o t h a t found i n t h e present work.
A s Fig. 4 shows, our resonant charge exchange c r o s s s e c t i o n f o r t h e K+-K system i s i n excellent agreement with t h e predictions of Smirnov. The Rapp-Francis calculation, apparently made with a low, i n c o r r e c t i o n i z a t i o n energy f o r potassium, s t i l l gives r e s u l t s 30% smaller than our experimental values.
It should be remarked t h a t i f t h e surface ionization c o e f f i c i e n t of potassium on tungstene were higher than t h e value of 0.690 ' we used t o analyse our data, t h e t r u e cross sections f o r charge exchange would be higher than t h e ones we report here. The range of v e l o c i t i e s i n t h e experiments of Chkuaseli e t a l . does not overlap with ours, so a comparison of t h e two s e t s of r e s u l t s i s d i f f i c u l t . Other reported cross sections f o r t h e potassium system 13'14 , a r e so badly s c a t t e r e d and show such / p e c u l i a r v e l o c i t y dependence t h a t t h e i r r e l i a b i l i t y i s questionable.
Several t h e o r e t i c a l approaches "'12 t o the resonant charge
. . . a t r a n s f e r problem show t h a t t h e t o t s l . cross s e c t i o n i s l a r g e l y , determined by t h e v a r i a t i o n with internuclear distance of the. -. of closest approach for which the charge transfer probability first reaches a value of one half. The charge transfer cross section is most sensitive to the difference in energy between, the symmetric and antisymmetric states at an internuclear separation equal to bc. In our work the cross sections reflectthe potential curves in the internuclear region of 14.5 to 17 1 for the cesium system, for the ribidium system 13.5 'to 15.5 A, and 10.5 to 12.5 ff for the potassium system. In the high energy work of Chkuaseli et al,l0 the smallest cross sections' correspond to minimum internuclear separations of 9.5, 8.5, ' and 7.5 1 for cesium, rubidium, and potassium, respectively. . , 1 2 . .Do Rapp and W. E. Francis, J. Chem. Phys. 37, 2631 Phys. 37, (1962 . : ' " .. . . 8 . USSR 24, 995 (1959 ' T h i s r e p o r t w a s p r e p a r e d a s a n a c c o u n t o f G o v e r n m e n t s p o n s o r e d w o r k . N e i t h e r t h e U n i t e d S t a t e s , n o r t h e Comm i s s i o n , n o r a n y p e r s o n a c t i n g on b e h a l f o f t h e C o m m i s s i o n :
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